M
ost patients are extubated within 6 to 8 h after undergoing coronary artery bypass graft (CABG) surgery. However, a significant number of patients continue to receive mechanical ventilation for a prolonged period after undergoing surgery. Failure to be extubated (FTE) or the need for prolonged mechanical ventilation (PMV) at 24 h is a common complication after CABG surgery. 1 The incidence of PMV (at Ͼ 24 h) is 5.5% and 10.5%, respectively, after a first CABG operation and after reoperation. These patients are variously designated as experiencing a failure to wean (FTW), a FTE, or requiring PMV. The time interval to define FTE or PMV is not standard and varies between 6 and 10 h in more recent studies to 2 to 7 days in older studies. [2] [3] [4] [5] [6] This shortening of the accepted duration of ventilation following CABG surgery reflects the rapidly changing trends in extubation in the past decade.
A number of studies have examined the risk factors for PMV after CABG. 4, [7] [8] [9] [10] These include age, smoking, left ventricular dysfunction, congestive heart failure, renal failure, and angina. Patients who require PMV usually are analyzed as a group, as if the reasons for PMV are identical in all patients. However, patients continue to require mechanical ventilation for a variety of reasons, including hematologic, respiratory, neurologic, and cardiovascular causes. The underlying causes of PMV include he-matologic complications like excessive postoperative bleeding, respiratory complications like ARDS, and neurologic complications like cerebrovascular accidents (CVAs). In addition, the cause in an individual patient may change over time, such as excess bleeding delaying extubation soon after CABG surgery but later inducing the need for PMV due to transfusioninduced ARDS. The risk factors found in general studies may impact the different causes of the need for PMV to a variable degree. Therefore, determining the exact cause of the need for PMV is essential to design effective prevention strategies. Therefore, we undertook a prospective observational study to identify and compare the causes of PMV at 8, 24, and 48 h after CABG surgery.
Materials and Methods
A prospective observational cohort study was conducted at Methodist Healthcare University Hospital between June 1999
and October 2000. The institutional review board of Methodist Healthcare Memphis approved the protocol.
Patient Population
All patients undergoing conventional CABG surgery or offpump coronary artery bypass surgery, as well as combined valve replacement surgery and CABG, were included in the study. Patients undergoing only valve replacement surgery were excluded. Patients were identified either prior to surgery or at admission to the cardiovascular surgery ICU following surgery.
Weaning Protocol
Following CABG surgery, a standardized respiratory weaning protocol was attempted in all patients (Fig 1) . After arrival at the ICU, the fraction of inspired oxygen (Fio 2 ) was decreased from 1.0 to 0.4%, while oxygen saturation was maintained at Ͼ 93%. Once the Fio 2 goal was reached, level of consciousness, FVC, and negative inspiratory force (NIF) then were assessed in all patients. Patients who were alert and had an FVC of Ͼ 1 L and an NIF of Ͼ 20 cm H 2 O were switched from assist/control mode to the continuous positive airway pressure (CPAP) mode without pressure support. Patients were extubated if a blood gas measurement after 30 min showed the following: pH, Ͼ 7.3; Pco 2 , Ͻ 50 mm Hg; and Po 2 , Ͼ 70 mm Hg. If patients failed to be weaned on the protocol, the surgeon or critical care physician was contacted, and subsequent weaning attempts were continued based on specific physician orders.
The reasons for FTE and the definitions of individual causes were determined before beginning the study. The main reasons for FTE were depressed level of consciousness, tachypnea, hypoxemia, cardiovascular instability, poor NIF/FVC ratio, and excessive postoperative bleeding (Table 1, Fig 2) . Each reason was further classified into subcategories of causes. Patients with hypoxemia with normal or near-normal chest radiograph findings and no apparent reason for hypoxemia were termed as having "hypoxemia of unknown etiology." Near-normal radiograph findings included abnormalities such as small pleural effusions or plate-like atelectasis. The duration of mechanical ventilation in hours (in increments of 15 min) was recorded. Patients who had different reasons at each assessment were considered to have multiple reasons. If more than one cause was present at a single assessment, each cause was classified as primary or secondary based on the decision of the study physician.
Patients were considered as experiencing an FTE if they were not extubated within 8 h after entry into the ICU. Patients who required mechanical ventilation at 24 and 48 h were called "PMV Ͼ 24" and "PMV Ͼ 48 h," respectively. The study physician saw all patients who experienced FTE at 8, 24, and 48 h. The need for noninvasive positive-pressure ventilation or reintubation for Ͼ 6 h after a successful extubation was not analyzed.
Hemodynamic management, transfusion practices, and other ICU management varied slightly between surgeons but remained constant throughout the time of the study. The most commonly used general anesthetic agents were propofol or midazolam, sufentanil, pancuronium (induction), and isoflurane (maintenance). Clinicians caring for patients were aware only that information was being collected on the duration of mechanical ventilation.
Data Collection
Preoperative patient characteristics, perioperative complications, and postoperative complications were recorded for all patients by a study nurse. The cardiac surgery database of the Society of Thoracic Surgeons (STS) was used to define the variables. 1 Patients were contacted via telephone 30 days after ICU discharge to determine the presence of any complications experienced following ICU discharge.
Statistical Analysis
All statistical tests were performed as two-tailed tests. 
Results
Four hundred patients were prospectively enrolled into the study. Seventeen patients (4.25%) died within 30 days after undergoing CABG surgery. Three of these patients died within 48 h after undergoing surgery. Of these three patients, two patients died within 6 h after undergoing surgery. The third patient was successfully extubated within 8 h and subsequently died 40 h after undergoing surgery. The baseline patient characteristics are summarized in Table 2 .
The overall mean and median duration of ventilation in all patients were 21.6 and 8 h, respectively. FTE at 8 h occurred in 167 patients (42.1%), while PMV at 24 and 48 h occurred in 27 patients (6.8%) and 21 patients (5.3%), respectively. The incidence of FTE at 8 h among those undergoing first CABG surgery without valve replacement was 40.6%, and PMV at 24 h was present in 6%. Twelve patients (3%) were still intubated at 7 days.
FTE at 8 h
At 8 h, depressed level of consciousness was the most common reason for FTE (58 of 167 patients; 34.7%). Prolonged sedation due to anesthetic agents was thought to be the leading cause of depressed level of consciousness (51 patients) [ Table 3 , Fig 3] . Six patients were not extubated due to delirium or CVA. One patient had a depressed level of consciousness due to the administration of large doses of a narcotic medication for pain in the immediate postoperative period.
Hypoxemia was the primary reason for FTE in 42 Tachypnea during the weaning trial prevented extubation by protocol in 27 patients (16.2%). Respiratory acidosis despite increased respiratory rate was the most common reason for tachypnea (n ϭ 10), but primary respiratory alkalosis, which was thought to be due to agitation (n ϭ 8), and persistent metabolic acidosis without shock (n ϭ 6) also occurred. Excessive bleeding postoperatively was also a common reason for FTE (17 patients; 10.2%). Eight of these 17 patients had to be taken back to the operating room for re-exploration. Other complications, including the only recognized case of diaphragmatic paralysis, contributed to a delay in extubation in three other patients. Weaning was electively withheld in seven patients by the surgeon, a situation that is due usually to the presence of underlying diseases such as tracheal stenosis or obstructive sleep apnea. A spontaneous breathing trial was not attempted in 13 patients due to poor NIF and FVC despite normal levels of alertness. Surprisingly, cardiovascular instability by our definitions was an uncommon reason for FTE (1.7%). However, it may have contributed to the physician's decision to withhold weaning attempts in four patients.
PMV at 24 h
At 24 h, the majority of patients (140 of 167 patients; 83.8%) who remained intubated after 8 h had been extubated. The most striking difference was that depressed level of consciousness and poor NIF/FVC ratio were no longer significant reasons for extubation failure. Only four patients were still receiving mechanical ventilation due to depressed level of consciousness at 24 h. Delirium due to alcohol withdrawal postoperatively was diagnosed and treated in one patient, and three patients experienced intraoperative CVAs. At 24 h, hypoxemia was the principal reason for PMV. Cardiogenic pulmonary edema was the cause in four patients, while seven patients required PMV due to ARDS. The etiology of hypoxemia was unclear in four patients.
PMV at 48 h
While only 22% of patients still intubated at 24 h were extubated in the next 24 h, only 5% of the original cohort remained intubated. Hypoxemia remained the most common reason for PMV. The conditions of none of the seven ARDS patients had resolved, while only one patient with hypoxemia of unknown etiology and cardiogenic pulmonary edema had been extubated. Complications, including intraoperative CVA, postoperative hemorrhage, and postextubation laryngeal edema, were the cause of PMV in the remainder of the patients.
In four patients, multiple reasons accounted for PMV. These patients had a different reason at each assessment time. The causes of FTE and PMV in these patients included the prolonged effects of anesthesia, sedation due to pain medications, laryngeal edema, and accidental intubation of the right mainstem bronchus.
Seventy-four patients (18.5%) undergoing CABG surgery had underlying lung disease, including 37 with mild lung disease, 32 with moderate lung disease, and 5 with severe lung disease, as determined by STS criteria. The mean and median duration of mechanical ventilation in these patients were 14 h (95% confidence interval, 11 to 17.3) and 10.4 h, respectively. Forty-three of these patients (58%), compared to 124 patients (38%) without underlying lung disease, could not be extubated at 8 h (p ϭ 0.003). Prolonged recovery from anesthesia (37% vs 28%), respiratory acidosis (12% vs 4%), and poor NIF/FVC (14% vs 6%), respectively, were more common in the patients with underlying lung disease than in those without underlying lung disease, although no difference was statistically significant (Table 3) . On the other hand hypoxemia of unknown etiology was less common in patients with underlying lung disease than in those without (5% vs 17%, respectively).
Inotrope support and the intra-aortic balloon pump (IABP) were used in 51.6% and 8.3% of all patients, respectively. Despite this, cardiovascular Table 4 . Patients with ARDS had the longest duration of mechanical ventilation (median duration, 11 days). Conversely, patients who could not be extubated due to the prolonged effects of anesthesia or metabolic disorders had the shortest durations of mechanical ventilation. Patients who failed to be extubated at 8 h had significantly longer ICU and hospital stays than those who were extubated (2.5 vs 5 days and 10 vs 14.9 days, respectively; p Ͻ 0.0001), but there was no difference in the 30-day mortality rate (2.8% vs 5%, respectively; p ϭ 0.5).
Discussion
This study represents the first systematic descriptive analysis of the reasons for FTE and PMV after CABG surgery. Our analysis emphasizes the importance of specifically defining FTE and PMV for future studies, since different time intervals following surgery are associated with different reasons. Each of these reasons, in turn, has different causes, risk factors, and outcomes.
We attempted to classify patients into clinically relevant categories. At many institutions, extubation post-CABG surgery is protocol-driven without direct input by clinicians. Therefore, the reasons for FTE were defined by the information that was most likely to be provided by the nurse or respiratory-care practitioner at the bedside. We set 8, 24, and 48 h as the cutoffs to define FTE and PMV. The 8-h cutoff to define FTE was based on data from previous studies 3, 6 and on our estimate of the upper limit of time that protocolized weaning would continue with- out direct physician input. On the other hand, after 48 h, the differentiation of complications secondary to surgery and those due to the need for long-term mechanical ventilation, such as nosocomial pneumonia, is difficult to discern. The causes associated with each reason for FTE also were prospectively defined. The algorithms that we report parallel the clinical evaluation performed by the surgeon, critical care consultant, or study physician. However, assigning a cause required the review of all clinical information and, often, further testing. Yet, a precise cause could not be assigned in some patients. In particular, patients with significant hypoxemia with near-normal chest radiograph findings could not be further subdivided. The possible reasons for hypoxemia in these patients included acute lung injury due to cytokine released during post-CABG surgery inflammatory cascade, 11 microatelectasis, 12 or increased ventilation-perfusion mismatch due to the postoperative use of vasodilators, such as nitroprusside. 13 Chronic lung disease (CLD) did not appear to be a cause since hypoxemia was less common in these patients than in those without underlying lung disease. No test could accurately discriminate between these causes, and treatment often was directed against all the possibilities. A similar problem existed for the category of patents with poor NIF and FVC levels. Poor NIF and FVC levels could be secondary to respiratory muscle weakness, for reasons including diaphragmatic paralysis or prolonged effects of neuromuscular blockade, or, simply, from patient noncompliance. Therefore, we did not subdivide these categories further.
We also did not use a strictly disease-specific classification. Although FTE was more common in patients with CLD, the reasons for FTE included almost the entire spectrum seen in the remainder of the cohort. Even among patients with underlying CLD, FTE was most likely to occur due to nonpulmonary causes.
However, the classification scheme, as well as the weaning protocol, has certain limitations. First, at each assessment, some patients met the criteria for more than one cause, and the study physician had to determine the most likely primary and secondary causes. Second, in seven patients the surgeon, for unclear reasons, selectively withheld the weaning protocol. Whether these patients would have experienced FTE, and the reason for the FTE if it had been attempted, could not be determined. However, all these patients were extubated by 24 h (mean [Ϯ SEM] time of extubation, 18.2 Ϯ 4 h) and did not require PMV. We speculate that these patients probably were excluded in anticipation of cardiovascular instability or excess postoperative bleeding. Third, patients at our center are screened for extubation trials by NIF and FVC criteria. While this is a fairly standard weaning protocol, other weaning techniques, which do not screen by NIF and FVC criteria, have been described. We doubt that these specific criteria adversely affected our results, since only 13 patients failed to undergo spontaneous breathing trials due to poor NIF and FVC. All of these patients were extubated by 20 h. Fourth, management after 8 h was not standardized. However, the overall study documents that the reasons and causes of FTE are heterogeneous, requiring an individualized approach rather than protocolized care. Despite these limitations, the majority of patients could be classified easily using our definitions.
The primary purpose of our study was to assess a clinically relevant classification model for FTE and PMV after CABG surgery. Our overall duration of mechanical ventilation after CABG surgery was comparable to that reported in other studies. In particular, the incidence of PMV for Ͼ 24 h in our study was similar to that of the STS database (6.8% vs 5.5%, respectively). However, the proportion of patients with FTE due to the various reasons and causes will vary from institution to institution, based on differences in patient populations and management strategies.
We found that persistent hypoxemia was the most common cause of PMV at 24 h. ARDS was the most common cause of hypoxemia at that time point and was associated with the longest duration of mechanical ventilation. Surprisingly, hypoxemia without the significant presence of radiographic infiltrates was also frequently seen in patients requiring PMV.
In our study, the incidence of cardiovascular instability was low, although the use of inotropes was significantly higher in patients with FTE and PMV at 24 h. The lower incidence of cardiovascular instability may be due to a combination of the strict definition used to define "cardiovascular instability" and the aggressive use of inotropes or IABP. Therefore, the role of cardiovascular instability may be underestimated.
Excessive bleeding during the postoperative period was an important cause of delayed extubation (10.2% of patients experiencing FTE). Bleeding may delay extubation due to hemodynamic instability, cardiogenic pulmonary edema, noncardiogenic pulmonary edema secondary to the transfusion of blood products, or the use of extra-anesthetic agents in patients who require re-exploration surgery to identify source of bleeding.
To conclude, the causes of FTE at 8, 24, and 48 h after undergoing CABG surgery are heterogeneous, vary with time, and have a variable impact on the duration of mechanical ventilation. The relative frequency of different causes of FTE is likely to vary www.chestjournal.org CHEST / 122 / 1 / JULY, 2002 from institution to institution, based on management strategies and patient population. Therefore, attempts to systematically decrease the duration of ventilation at individual institutions may be compromised unless the heterogeneity of causes and the variable incidence of individual causes are recognized. A preventive measure targeted at a specific cause may be ineffective if that cause plays only a minor role in the patient population studied. Conversely, risk factors for an important specific cause may be obscured by a generic analysis of risk factors for PMV. The goal of this study was to describe a framework with which to evaluate FTE and PMV for future trials, including interventions designed to reduce incidence.
